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Information Visualization

» visual representation of abstract data

» cognitve psycn ﬁndmv‘!Dvrwvnalumvmnmnn
~ HCI.using tas ign and evaluaton
* axomal roprosontaion.
s oad on working memory.
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External Representation: Topic Graphs

[Godel, Escher, Bach. Hofstadter 1979]
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External Representation: Topic Graphs.

» offioad cognition to visual systems
» minimal attention to read answer
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Mini-Course Outline

> Part 1: Monday morring
- o
» Dosign Studies
- Models

» Perception
> Part 2: Monday aftemoon
oo
Layers, and Ordering
S Grones

» Part 4: Friday morning
Dimensional Data
- Graphs and Trees.
+ User Studes

Design Studies

> two concrete infovis examples.
eloe presenting theoretical models

» dosin sy i sk o spaciic pplcaion
- carryout task analyss intarget domai
~ derive dosign requirements
sl chote fveual ancodngan i
» buid prototype
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Cluster-Calendar, van Wijk
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> data: N (valuo, time) pars
arge: 50K

> tasks
+ o standars dy pater
~ i now paterns Gstrbuted over yar, weok,season
» find outlers from standard dal pattorns.
- want overview frst, then detail on demand
» posiiites
* prdcom vt
ot o, i e s

+ 3D extruded mountain: x hours,  value, z days
- 3D ofenprty but ot usell

3D Problems

» occlusion, perspective distortion
> seasonal visble, but dailyweekly hard o see

sk s van Slow Gl an Calnca bas Visuazatn of i Sors
Bt ovics, w00 ek ep]

Create Clusters

> create dorived variable by transforming raw data
> use day as fundamental unit based on task analysis
> hierarchical clustering, merging most similar days.
but not interesting to show dendrogram directly
» sructure of dendrogram hisrarchy does ol adress.
requirements
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Link Curves and Calendar
» show clusters as inked curves -calendars in 2D
> see patterns
- offce P idays and summr oo bresk
oldays, post-olday,sarta

EEL ||
wEe 1 |

s ik s v Slow Gl Calncar b Viscaiasn f i Sors
it s ]

Lessons

> derived variable: clusters
- chausnoes of naive 3D usage
> Inked displ
~ endnonay il representation of ime: calendar
s gcdedchocs
- rojoctstandard 30 exi
~ efct standard doncrogram
> citique
+ colors not maximally discriminable

Linguistic Networks, Munzner

Murnr, Gomsairs, and Fokaron Coettaion: A Vs ol For
Mg stanordscupsporsconst
> data: MindNot query resuts
> definiion graph from dictionary enty sentence
+ nodes: word senses
- lnks: raaton types

Semantic Network

> defintion graphs used as buiding blocks
> unify shared words
> large network
+ millons o nodes
> grammar checking now, ansiaton uture
- global sructure known: dense

> probes return local info

Path Query

> best N paths between two words
> words on path iself

> defintion graphs used in computation

Task: Plausibility Checking

> paths ordered by computed plausibilly
» researcher hand-checks resulls
» ighanking paths belevable?
- believable s igh-ranked?
re stop words all fitered out?

Window Flipping Problem

Goal

» gete 3 et v of s vween s nd
definiion grar
> shared words are key
~ Inousands o words (ot i)
» special purpose algorithm debugging tools
» ot undorstand struture of English

Constellation Video

Traditional Graph Layout

» avoid crossings using careful spatal positoning
> reason: avoid false attachments
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ambiguous. visually salient artfact
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Information Visualization Approach

» encade domaln specil atiule i spatal posiion
- why? spaial posiion ualcue.
Pacsiy ht
» novel layout algorithm using curviinear grid
paths as backbons, attach defntion graphs.
many crossings or long-dstance proxy ks
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Visual Layering

id perception of atachments with visual layers.
» iractvly RGHIgh e of bosesand odges

- e ramae: s, st s
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Task-Oriented Design Success

> task specfic methods
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Lessons

» spatial positon as strongest perceplual cue
» interactive visual layering, avoiding hidden state
» custom application vs. generic toolkts

> citique
» efot of custom application vs. generic ookl

Design Studies: Reading
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Mini-Course Outline

> Part 1: Monday morning
ot

- sz Mnnduy afternoon

* Soo, L v and rdaing
- Statstical Graptic

» Part 4: Friday morning
» High Dimensional Data
> Grap os

User Studi

Visualization Big Picture

Mapping

> input
- data semantics
» use domain knowledge

algorthms
- handie computational consirants

Bertin: Semiology of Graphics

> geometic primitves: marks
» poins, ines,

¥
+ positon
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color
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Data Types

Channel Ranking Varies by Data Type

- ype
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Mackinlay/Card Model
> data varak
405,00
> datatypes
» nominal,ordered, quantiatve
> marks
» poin, line, area, surface, olume.
+ geome itves

» tetinal properties
- siz0,bightnoss, color, oxturo, rlentation, shape.
- paramelers thal control the appearance of geomeiric
primitves.
+ Separable channels of informaion lowing rom retna to
brain

il Vi ek organ Kasmam 16551

Shneiderman's Data+Tasks Taxonomy

> data
» 1,20, 30, tomporal, nD, s, networks
- (toxt and documents - Hanvahan)
> tasks
e zoo,ter, el ondananc,
ory

+ what do you need 10 do?

Amar/Eagan/Stasko Task Taxonomy

> lowrlevel tasks
» rotiovs valus,fte,computo dorived valus,
- find extromum, sor,determine range,
» characterize distribution find anomaies,
+ custo, corrlate
> standardized set for better comparison between papers
A, Eagan, and Stasko Low-LovelConponents of Anaytc Acly i

. fist, zoom andfiter,

Shmeidorman, The Eyo Have : A Task by Data Type Taxonomy for
nfomaton Visusizstons]
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Control Room Example
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Data Types and Conceptual Models

> from raw data mode!

> o conceptual model of semantics
> (temperature)
> considertast
* makrgoast
- cassi

iying
g e n ca weathrpans
> 1o determine data type.
~ burned vs. not burned (N)
» hol, warm, cold (0)
- continuous fo 4 sig igures (0)
Retiking Visulizaon: A High-Leve Taonarmy Melaie Tory and Trsten
Mol Pro. favis 2004, p. 151158)

Combinatorics of Encodings

» challenge

* ik e bes ancding o axponetal nnber o

possbities (n-+

- W sl canmos
» Principle of Consisten

. repoicsa e g shoukd match prperies fdata
» Prinile of Imporance Ordeing

ncod mostimportant nformation n mos efective way.

Automatic Design

> APT systom

Cannot Express the Facts

N relation cannot be expressed in a singl
horizontal dot plot because multple tupios are mapped 1o

- limited setof encosings: scaterpiots, barline charts
* Exprssveness Crioron
- Set of facts xprossibi n vsuallanguage f senton
«wmuzanunsy i aguage eorss o facts s, and
only facts

» consider the failure cases...

Expresses Facts Not in the Data

» lengih interpreted as quantiative value
> Thus longth says somothing untrue about nominal data

Infomaton, ACH TOG 52, 1986]

Automatic Design

sewToasz, 1386

Polaris/Tableau

Pols: A Syste o ury, Anyis rd Visalzsion o Mol Smersios ins

> APT systom

» Expressiveness Crterion
‘Set o acts exressiie invisua language i sertences
(isualizatons) i language express a facts n data, and

Iy facs In o

> Efectiveness
A visualzation s more effective than ancther visualzation
Informaton conveyed by one viualzaton i more readiy
percelved than information in ofher.

» subjoctof the nex secton

> infouis spreadsheet
» table coll raphical somens, no ust numoers.
» usor dagandaop xpraon o matkscharnals
- instoad of automatic seect
* talo igebr « feracive lrace ops
nguage

> commercialized via i . bl eausofeuare. con
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Models: Reading
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Models: Further Reading
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Mini-Course Outline

» Part 1: Monday morning
+ o

» Pt 2: Mondayatrnoon
, Layers, and Ordering
S arones
» Part3: Thursday afternoon

High Dimensioral Data
- Graphs and T
+ User Studies:

Human Perception

» sensors/transducers
psychophysics: dotermine charactritcs
> relaive judgements: strong
> absolute judgements: weak
> diflerent optimizations than most machines
» porcoptual dimansions o nD array
+ {orains are not hard disks)

Psychophysical Measurement

» IND: just notceable diference

> increment where human detects change

» average 1o create “subjective” scale

» lowlevel perception more uriform than high-level cogrition
across subjecls

Nonlinear Perception of Magnitudes
sensory modliies ot equally iscriminable
‘Stovens' Power Law: | = SP

Ty
St O e Thaory o s f Mossarmen S 1032686, 1646

Dimensional Dynamic Range

> inewidih: limited discriminabilty
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Dimensional Ranking: Accuracy

> spatal positon best or all types
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Cleveland: Perceptual Studies
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Weber's Law

> ratio of increment hreshold to background intensity is
constant
» relaive judgements witin modalty
al
Fex

» Cleveland example: frame increases accuracy

o e o Wikam & Coveans,Fopan Ve Am. S Aes 787

Preattentive Visual Dimensions

> color (hue) alone: preattentive:
* stentoral ysten vk voked
eatch spesd ndspendent of distactor count

» demo
[Chris Healey, Preatentive Processing
whiw.csc.ncsu.edufaculty healey/PP/PP ]

Many Preattentive Visual Dimensions

ecton of m
Crecneapsdopm
tghtdirecton,
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Not All Dimensions Preattentive

parallolsm

Preattentive Visual Dimensions
> color alone: preattentive
> shape alone: preattentve

> combined hue and shape (demo)
» requires atention

s scurynedy PP

Separable vs. Integral Dimensions

» only some dimensions separable

xsize  reckgroen
locationmotionshap _orienation y-sizo yollowblue.

{Goin Ware s Vuaizaon: Prcpton ar Desin. Moran Kuiann 1950

Perception: Readings

On the Theary of Scales ofMeasurament. 5. 5. Siovens. Scionce 1032684,
1946
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Infrmaton Visualzaon: Parcepon for Desgn. Ghaptr 5 Visual Aterton
and information That Pops Out. Goin War. Morgan Keufmann, 2004 (2nd
ositon)

Parception i Visualizaton. Csiophe G. Hesley.
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